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Warning: There аге hazardous and potentially fatal voltages P 


inside a pinball machine! 

Y When replacing boards and working around the machine be sure to unplug 
the machine. 

У Never disconnect and/or reconnect boards with the machine plugged in! 

У Never directly touch any component and/or wire with the machine plugged 
in. 

У Always replace a blown fuse with the correct size fuse. Do not increase the 
fuse size if it keeps blowing. If this occurs there is something wrong with the 
machine. 

У Always use a grounded plug. Never cut off the ground terminal of the plug 
or use a two to three prong converter. 


Installation: 

The Kohout Enterprises System 3 to 7 Replacement MPU Board installation is almost 
identical to the original board. ALWAYS INSTALL AND REMOVE THE 
CONNECTORS TO THE BOARD WITH IT NOT MOUNTED TO THE 
BACKBOX BRACKETS. INSTALLING AND REMOVING THE CONNECTORS 
BEFORE SCREWING THE BOARD TO THE BACKBOX GREATLY REDUCES 
STRESS ON THE BOARD FROM THE INSERTION AND DISSASSEMBLY 
FORCE. Be sure to replace any connectors are burnt or looked damage. 


Connections: 

J1 — Main Driver board — This 40 Pin connector supplies the signals to Main Driver 
Board 

J2 — Power Input - This 9-pin connector has the +5V, +12V and GND connections 
for the board 

J3 — Memory Protect Switch Input - This 4-pin connector has 1 wire to go to the 
memory protect switch on the door. 

J4 — Coin Door Switches - This 4-pin connector has the signal require for the test 
modes and audit modes controlled by the switches on the inside of the door. 
Depending on the Machine, this may have 3 or 4 wires in the connector. 

Ј5 – BCD Output for Displays - This 9-pin connector supplies the BCD coded output 
to the display driver board. 

J6 — Display Strobes 1 - This 9-pin connector has the first set of strobe outputs to the 
display driver board. 

J7 — Display Strobes 2 - This 9-pin connector has the second set of strobe outputs to 
the display driver board. 

J8 — Sound and Commas - This 12-pin connector is only used on System 7 games. It 
interfaces to the sound board and supplies the commas to display driver board. For 
System 3, 4, and 6 games, this connector is not connected. 

J9 — 40-pin connector to driver board - This connector is used to interface the Kohout 
Enterprises Main Driver Board. It hooks in parallel to the normal 40 Pin connector. 
J10 — Battery Backup RAM Power — This connector is used to supply power from an 
external battery if a battery backup is required for the memory RAM (IC19). For те 
more information, see the RAM Notes Section below. 


See Figure 1 on the following pages for more info for layout and placement. 


EEPROM Type Switch Settings: 


Game Switches ON 
System 3, 4, and 6 which use Type 2716 W3, W6, W9, W12, W15, W16, W21, E 
EEPROMSs in IC14, IC17, and IC20 (Not W23, W26, W31, W33 
Firepower) 
System 7 Games using Type 2716 W3, W6, W10, W11, W14, W17, W19, 
EEPROMs at IC14, IC20 and IC26 and a W20, W22, W26, W31, W33 


2532 EEPROM at IC17 Eg 

System 7 Games using use Type 2716 W3, W6, W10, W11, W14, W17, W19, ў 
EEPROMs at IC14, IC20 and ІС26 and а W20, W23, W26, W31, W32 

2732 EEPROM at IC17 

Firepower ROMs from Williams Website W5, W6, W9, W12, W15, W16, W21, 
which uses 2716 EEPROMs at IC14 and W23, W26, W30, W33 

IC17 and 2732 EEPROM at IC14 MES 

System 7 Games using Type 2532 W5, W11, W14, W17, W19, W20, | 


EEPROMs at IC14, IC20 and ІСІ? W22, W24, W27, W28 W31, W33 
Defender and Hyperball Only) "i 


Note: These should be similar to the original MPU board, however, sometimes 
because of different ROMs used, the original manual may state slightly different 
settings. If you are having a problem with these settings and a particular game, please 
contact Kohout Enterprises, L.L.C. More information is available at 
www.pinballpcb.com. 


RAM Notes: 

The main 2114 RAM chips, IC13 and IC16, have been replaced with a single 6264 
type RAM. Any brand of 6264 compatible RAM ICs will work for IC13. The speed 
of the RAM is not critical for this application, and will work with any speed of the 
6264. Some Common names are MCM6264 (Motorola), HM6264 (Hitachi), 
HY6264 (Hyundai), М5М6165 (Mitsubishi), MB8464 (Fujitsu), and М56264 
(Mosel/Vitelic). 


There are multiple options for replacing the 5101 backup memory RAM, IC19. Only 
one replacement below should be used at a time. Do not install more than one option! 


1. RAMTRON/Cypress FerroRAM FM1608 8k X 8: Install into 28-pin IC19B 
socket. No external battery required on J10. 

2. RAMTRON/Cypress FerroRAM FM1808 32k X8: Install into 28-pin IC19B 
socket. No external battery required on J10. 

3. ST Battery Backup ROM M48Z02-150PC, M48Z02-200PC, M48Z12-50PC, 


or M48Z12-200PC 2k X 8 : Install into to 24 ріп IC19C socket. No external 


battery required оп J10. These are currently available from Mouser 
(www.mouser.com) and Allied Electronics (www.alliedelec.com). The 
preferred device is the M48Z02-150PC, but the others will work. 

4. 6264 Low Power Version 8k Х 8: This is available from multiple suppliers, 
including, same as listed above, but must be the low power version. Install 
into 28-pin IC19B socket and connect 3 X AA battery pack to J10. 


Microprocessor/PIA Notes: 
Either a Motorola MC6802, MC6808, or MC68B02 type Microprocessor can be used 


with this board. There are many other replacements available from other IC 
manufacturers, including the HD6802/HD6808 (Hitachi), EF6802 (ST 
Micro/Rockwell), and F6802/F6808 (Fairchild). All these other substitutions should 
work with this replacement board. 


Either a MC6821 or MC68B21 PIA (Peripheral Interface Adapter) can be used with 
this replacement board. The 68B21 is a slightly faster version, which is rated to 
2MHz, instead of 1MHz for the 6821 versions. The 2MHz is not needed for this 
design, so either version will work without issues. Additionally, other manufacturers 
make replacements, including the HD6821/HD68B21 (Hitachi), EF6821/EF68B21 
(ST / Rockwell), F6821 (Fairchild), and the NTE6821 (NTE). 


Logic Chip Notes: 

The logic chips are standard 74 and CD4000 series logic. For the 74 series, 74XX, 
74LSXX, and 74FXX should work without any issue in this design. The exception is 
IC27 which should be a 74ACT240 or 74L S240. The 4000 series can use CDAXXX 
or МС14ХХХ devices. These are available from multiple suppliers, including Texas 
Instruments, Phillips, Fairchild, and ON Semiconductor/Motorola and are available 
from just about any electronics distributor. 


Operation: 

Since the replacement board uses the original EEPROM images, the operation of the 
game and settings should be identical to the original. See the original operator's 
manual for full details on the operation of the original game. 


LED Diagnostics: 
Nine signals have been buffered and are used as indicators on the diagnostics LEDs 


for simple board diagnostics: 

1. 5V - This checks that the 5V DC supply is above about АУ. This LED needs to 
be ON for the board to work and will light immediately when power is applied. If 
this does not work, investigate the power supply and/or power connector J2. 


2. nRESET - This LED needs to be ОМ for the board to work, indicating that the 
nRESET signal is high. If this is not on, investigate the power supplies and the 
reset circuitry. This light will be delayed slightly when the board is powered up. 

3. BUSO02 - This LED needs to be ON for the board to working. It will be slightly 
dimmer than the other LEDs, but if it is low, investigate the 6802/6808 (IC1) 
microprocessor and clock circuitry. 

4. nIRQ - This indicates that the IRQ circuit is working correctly and needs to be 
ON for the board to work. If this LED is off, investigate IC25 and/or ІС5. 

5. BLANKING - This LED needs to be ON for the board to function correctly, 
indicating that the BLANKING signal is High. If it is low, investigate the IC23 
timer, or more likely, the connection to the Driver Board. This is the most 
common failure to keep a board from working. 

6. Memory Protect — This LED indicates that the Memory Protect signal is High. 
This LED should toggle with the coin door Memory Protect switch. If it does not, 
investigate the switch wiring and/or connector J3. 

7. AutoMan Input — This LED indicates the status of the Auto / Manual coin door 
switch. If the LED does not toggle, investigate the coin door switch wiring and/or 
connector J4. 

8. Advance Input — This LED indicates the status of the Advance Input coin door 
switch. If the LED does not toggle, investigate the coin door switch wiring and/or 
connector J4. 


Warranty: 


The board has a 30-day unconditional warranty. If you would like to return it for any 
reason within 30 days after receiving, your cost will be refunded, minus shipping. 
The board also has a 1-year replacement/repair warranty. If it fails within 1 year, it 
will be replaced or repaired free of charge. Shipping charges are extra and are the 
responsibility of the purchaser. 


Disclaimer: 

Kohout Enterprises, L.L.C., is not liable or responsible for the use of this board. Any 
damage caused by use of this board whether it is incidental, special, or consequential 
is the sole responsibility of the end user and this end user accepts all risks. Kohout 
Enterprises, L.L.C. is not charging and/or selling the ROM image of the original 
Williams EEPROM flash code. 
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Warning: There are hazardous and potentially fatal voltages 


inside a pinball machine! 

Y When replacing boards and working around the machine be sure to unplug 
the machine. 

У Never disconnect and/or reconnect boards with the machine plugged in! 

Y Never directly touch any component and/or wire with the machine plugged 
in. 

Y Always replace a blown fuse with the correct size fuse. Do not increase the 
fuse size if it keeps blowing. If this occurs there is something wrong with the 
machine. 

У Always use a grounded plug. Never cut off the ground terminal of the plug 
or use a two to three prong converter. 


Installation: 

The Kohout Enterprises System 3 to 7 Replacement Driver Board installation is 
almost identical to the original board. ALWAYS INSTALL AND REMOVE THE 
CONNECTORS TO THE BOARD WITH IT NOT MOUNTED TO THE 
BACKBOX BRACKETS. INSTALLING AND REMOVING THE CONNECTORS 
BEFORE SCREWING THE BOARD TO THE BACKBOX GREATLY REDUCES 
STRESS ON THE BOARD FROM THE INSERTION AND DISSASSEMBLY 
FORCE. Be sure to replace any connectors are burnt or looked damage. 


Connections: 

Л — Main Driver board — This 40 Pin connector supplies the signals to Main MPU 
Board. This is not needed if connector J15 is used to connect to the Kohout 
Enterprises Main MPU board, however, it can be hooked in parallel to the J15, if 
required. This connector is not recommended for use if mated to a replacement main 
board. 

J2 — Switch Drive Output - This 9-pin connector drives the switch matrix 

J3 — Switch Drive Input — This 9-pin connector has the inputs for the switch matrix. 
J4 — Lamp Supply - This 9-pin connector has the +18VDC supply for the Lamp 
Drivers 

J5 — Lamp Strobe — This 9-pin connector supplies the -18V High Side PMOS drive 
to the Lamp Matrix 

J6 — Lamp Ground - This 9-pin connector supplies GND to the board. 

J7 — Lamp Row - This 9-pin connector supplies the GND from the Low Side NMOS 
drive to the Lamp Matrix. 

J8 — VCC Supply - This 9-pin connector supplies the +5VDC supply for the logic on 
the driver board. 

J9 — Solenoid Drive 2 — This 9-pin connector supplies the GND from the Low Side 
NMOS to solenoid 9 to 16. 

J10 — Solenoid GND — This 9-pin connector supplies the GND to the board. 

J11 — Solenoid Drive 1 — This 9-pin connector supplies the GND from the Low Side 
NMOS to solenoid 1 to 8. 

J12 — Switch Solenoid Drive — This 9-pin connector supplies the GND from the Low 
Side NMOS to the switch solenoid outputs and the Flipper GNDs. 


J13 — Switch Solenoid Inputs - This 9-pin connector supplies the inputs from the 
special solenoid switches. 

J15 – Main Driver Board — This 40-pin IDC connector supplies the signals from the 
main MPU board. This is not needed if hooked to an original MPU board. 


See Figure 1 on the following pages for more info for layout and placement. 


LED Diagnostics Notes: 
Each LED Bar display is labeled and can be tracked back to a failure using the 


attached schematics. For all of the Diagnostic LEDs to work, the VCC Supply (J8) is 
required to be connected. Additionally, other connectors may be required to be 
connected as noted below: 

1. LEDSWDrive — Only the VCC Supply (J8) is required to test this output. The 
output does not need to be hooked up to this connector. 

2. LEDSWRows - The Switch Driver (J2) and Switch Inputs (J3) is required to 
use this diagnostic LED. In this diagnostic state, the switch inputs LED 
should change when various switches are pressed, depending on the switch 
matrix of the machine. 

3. LEDLR and LEDSTB — The Lamp Supply (J4) and Lamp GND (J6) 
connectors are needed to make the diagnostic LEDs function. These LEDs 
will also work correctly when the Lamp Strobe (J5) and Lamp Row (J7) is 
connected. 

4. Solenoid Drive 1-16 — Only the VCC Supply (78) is required for the LED 
diagnostics to work. When Solenoid Drive 2 (J9) and Solenoid Drive 1 
(J11) are connected, the diagnostics LED do not function correctly 
because of inductive coupling in the wiring harness. 

5. Switch Solenoid Drive Out — Only the VCC Supply (J8) is required for the 
LED diagnostics to work. When the Switched Solenoid Outputs (J12) is 
connected, the diagnostics LED do not function correctly because of 
inductive coupling in the wiring harness. 

When one of the LED is continuous on in test mode, it typically means that the output 
transistor is shorted. Measure the output resistance to GND for the solenoid and 
Lamp Row outputs (J7, J9, J11, and J12) or to Lamp Supply (J4) for the Lamp Strobe 
output (J5). Do the measurements with the board disconnected, and if less than a few 
ohms, transistor is most likely damaged and needs to be replaced. If the LED never 
turns on, then it can also be a damaged, open transistor, or a device further up the 
line. This may require more advanced troubleshooting. 


Output Driver Notes: 
All of the Solenoid output drivers are protected against inductive flyback with active 


Drain to Gate clamps design on the Replacement Driver Board. The diodes on the 
solenoids are not required, however, it is recommended that they do not be removed. 


If one is disconnected or breaks off, it should not affect operation of the board or the 
machine. 

Тһе IRL520 NMOS output drivers are available from multiple sources, but can also 
be replaced with ON Semiconductor MTP10NIOEL. 

The IRF9530 PMOS output drivers are available from multiple sources, but can be 
replaced with ON Semiconductor MTP12P10. 


Microprocessor/PIA Notes: 
Either a MC6821 or MC68B21 PIA (Peripheral Interface Adapter) can be used with 


this replacement board. The 68B21 is a slightly faster version, which is rated to 
2MEZ, instead of 1MHz for the 6821 versions. The 2MHz is not needed for this 
design, so either version will work without issues. Additionally, other manufacturers 
make replacements, including the HD6821/HD68B21 (Hitachi), EF6821/EF68B21 
(ST / Rockwell), F6821 (Fairchild), and the NTE6821 (NTE). 


Logic Chip Notes: 
ІСІ, IC2, IC3, and IC4 must be 74HCT08 logic gates for proper operation to drive the 


solenoid outputs. IC8 and IC9 must be 74HCT02 logic gates. IC26 and IC27 should 
be 74ACT240 or 74LS240. 

The other logic chips are standard 74FXX and CD4000 series logic. For the 74 
series, 74XX, 74LSXX, and 74FXX should work without any issue in this design. 
The 4000 series can use CDAXXX or MC14XXX devices. These are available from 
multiple suppliers, including Texas Instruments, Philips, Fairchild, and ON 
Semiconductor/Motorola and are available from just about any electronics distributor. 


Operation: 
The operation of the game and settings should be identical to the original. See the 


original operators manual for full details on the operation of the original game. 


Warranty: 


The board has a 30-day unconditional warranty. If you would like to return it for any 
reason within 30 days after receiving, your cost will be refunded, minus shipping 
charges. This excludes output driver damage that was caused by shorted coils, 
shorted diodes, or other external factors. The board also has a 1-year 
replacement/repair warranty, excluding output driver damage caused by shorted 
coils, shorted diodes, or other external factors. If it fails within 1 year, it will be 
replaced or repaired free of charge. Shipping charges are extra and are the 
responsibility of the purchaser. 


Disclaimer: 

Kohout Enterprises, L.L.C., is not liable or responsible for the use of this board. Any 
damage caused by use of this board whether it is incidental, special, or consequential 
is the sole responsibility of the end user and this end user accepts all risks. Kohout 
Enterprises, L.L.C. is not charging and/or selling the ROM image of the original 
Williams EEPROM flash code. 
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